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SUMMARY

This program covers the test and evaluation of then available selected
commercial fiber cptic (F/0) transmission systems used as interconnect links
in a typified Defense Communications Systems (DCS) transmission node between DCS
digital multiclexers and radios. The intent being to evaluate fiber optics utility
as interconnest links i o typical DCS Intrastation environment (less than 300
feet) and to evaluite their performance against equivalent conventional metallic
interconnects. *Rosults indicate that F/0 systems are as equally suitable for
intrastation applications as the equivalent metallic wire/cable systems and do
have some advantages as high data rate interconnects.
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ZERO LENGTH FIBER OPTICS LINKS TEST AND CVALUATIOM PROGPA!

1. PROGRAIN OBJECTIVE

The objective of this progran is to evaluate currently availeble comnercial
fiber optic systenns to deternine their potential for zero-length intra-station
(1ess than 300 feet) applications in the Defense Commwunicotions Systems (NCS),
and where appropriate, tc rmake recomnendations for general design criteria that

rnay be utilized in UCS performaince specifications and standerds

z. SCOPE

a. The test and evaluation of the three coumercial fiber optics systems
and their netallic cable counterparts vas conducted by US Arny Electronics
Proving Ground [USNEPGE) personnel from 1 October 1673 to 23 iarch 1880 under
the technical divection of the US Army Conmunication Electronics Engirwering
Inetallation fuency (USACEEIA). Supplemental testing ves conducted from 23
May to 29 June 1930 by the same personnel. With the exception of TLIPFST
testing, all testi~ ere conducted at the USAEPG Comnunications Test Facility
(CTF) at Fort iuachuca, Arizona by w1litary technicians of nilitary
occtpationil sp:cialty (HOS) 32D and 26V. US Arny Conmunicaticns Systers
gehcy was overall peoject manecer for this test and evaiuation project.

b. Testing at the CTF included an evaluotion of the crosstalt, 1die
channel noise. distortion, freaquency response, dato error rate, instailation
and recovery tine, a:i the durability characteristics of the tihree fiber optic
systens. Tuenty-six »air and coaxial metallic cable systcis were also tested

in order to provide a direct comparison with equivalent fiber optic systems.




¢. TEMPEST testing was conducted betveen 15 February and 15 ‘arch 1980 at
the USAFPG ENMI test facility at Fort Huachuca. Classified results arc not
discussed in this report, but are availahle on a nced to know basis fron
Coiinander, US Prny Cormiunications-Electreonics Cormand, DESEL-COHM-RIS-T1, Fort

Monnouth, 1Y 07705,

3. SUMIARY OF TES1T RESULTS

The follmwing is a suribary of the test resuits. Couplete test procedure,
test setups, and results can be found in app-ndix A, Initial Testing and Test
Results. Supplemental Testing and Test Pesults can be fond in appendix B.

]

4, DESCRIPTION OF MATERIEL
a. The perforpance of three fiber optic systens was evaluated. The
systens included the v~"7Touing nwodens and fiber optic cable:
(1) Al Vedee Liak

(a) ianufactarer A (SFCOM Cy ernuent rfuenished Eauipuent (6FE)
Fiber Optic reden {(full d nlex, voice, 13 cnarwels). Four (4}, four (4) and
five (5) 4 kHz voice channels nultiplexed ¢ .d combined *or one-vay
transiission on each f theece (3) fibers, vespectively; using an optical
podulator.

(b) Manufacturer A (CECCH GFE) Fiber Optic Ceble (100 retzr

lengths)
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(2) 1.544 lbs Data Link (Figure 1)

(a) Manufacturer B TTL Fiber Optic Data Link, Model TTK-Di

(b) Manufacturer B Heavy Duty Fliber Optic Cable, lodel

HT-PC10-02 (10 and 100 meter lengths)

N

(3) 12.6 Mbs Deta Link

(2) Manufecturcrr C Fiber Optic Modem (20 l44z analog) biodel T-609
(Figure 2)

(b) Manufacturer C Fiber Optic todem (20 MHz analog) kodel T-603

- : .¢) tanufacturer C Fiber Optic Cable, Model T-432 (10 and 100

meter lcngths)

b. The pe.formance of two meteéliic cable links was evaluated in order to

provide a basls of comparison with the fiber optic links. The metalllic cables

tested vere:

(1) 4 kHz voice link - 26 pair cable (250 feet long)

(2) 1.544 and 12.6 Mbs data 1inks = RC-598/U coaxlal cable

(MIL-C-17D)
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5. TEST DATA
a. 4-kHz Voice Link
(1) idie Channel Noise (ICN)
(a) Manufacturer A fiber optlic system. Results are shown in
table | for a 100 meter length of flber optic cable and the two modems. Note

that only channels 9 - 12 were opera%ional In the system.

TABLE [, [(DLE CHANNEL NOISE OF 4-kHz FIBER OPTIC SYSTEM

Qngnne] NO . ldle Channel Noise (dBrnc)
9 24
10 28
1" _ 25
- 12 24

(b* 26 palr metallic cable (250 feet). The ICN for each palr
of the cable was less than or equatl to -5 dBrpc.
4
NOTE: O dbrnc = =-90d®m C message weighing at 1000 Hz

(2) Crosstalk

(a} Manufacturer A fiber optic system. Results are shown in
table || for the 100 meter length of fiber optic cable and the two modems.
Fiber cptic cables wre multl-mode graced Index fibers, full duplex plus

timing. Oross talk .esults from the modems not the fiber |inkages.

STy ity i B




TABLE I1I. CROSSTALK OF 4-kHz FIBER OPTIC SYSTEM

: Crosstalk Measurement (dBrnc)
Idle Channel 1000 Hz 1000 Hz 1000 Hz 1000 Hz
Channel Noice of =10 dBm <10 dBm ~10 dBm ~10 dBm
Tested Channel Tested Tone on Tone on Tone on Tone on
(No.) (dBrne) Channel 9 | Channel 10| Channel 11 | Channel 12
9 2% — 29 27 26
10 28 29 -— 29 29
11 25 26 27 —_— - 30
12 24 27 25 26 -—

. (b) 26 pair cable. Pair No. 15 was found to be defective. The
crosstalk le.el vas less than or equal to -5dBrnc for the remaining 25 pairs.

(3) Distortion. Percent distortion at input frequencies of 1, 2,
and 3 kHz is shown ip table III for both the fiber optic system and the 26
pair cable.

TABLE TII. 4-kHz YOTCE DISTORTION

Distsrtion Levels.iz)
Frequency Fiber Optic Syrtem Metallic Cable System
of =10 dBe | B-.eline
Test Tone measure- Chan Chan Chaul Chan Pair Pair Pair Pair
(Hz) ment 9 10 11t 12 1 13 14 26
|
1000 0.072 1.2 0.7 1.25 i.95 0.072 | C.072 { 0.072} 0.072
2000 0.046 1.0 | 0.7 '1.is {i.e5 ]| 0.048 | 0.048 | 0.048| 0.048
3000 0.038 0.95 ' 0.8 1.2 1.75 0.040 ] 0.040 ] 0.040 )} 0.040

(4) Frequency Response

(a) Measurements were made for the Manufacturer A fiber optic
system with 100 meters of fiber optic cable as a supplemental test.

(b) The frequency response of cuannel 9 of the system, with
XMIT modem SN 001 and RCVR modem SN 002, 1s shown in table IV and figure 1.
The absolute output level at 1 kHz was -11.7 JBm.

-

(¢) The frequency response of (hannel 9 of the system, with
XMIT wodem SN 002 and RCVP modem SN 001, is shown in table V and figure 1.
The absolute output level) at 1 kHz was -10.5 d'm.

R s vy
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(d) The frequency response of channel 9 of the system, with
XMIT modem SN 001 and RCVR modem SN 002, is shown in table VI and figure 2.
The absolute output level at 1 kHz was ~13.5 dBm.

(e) The freguency response of channel 11 of the system, with
XMIT modem 3N 002 and RCVR modem SN 001, is shown in table VII and figure 2.
The absolute cutput ievel at 1 kHz was -10.7 dBm.

(£} During testing, it was noted that the cable for the optical
connection between the modems did not seat well. Movement was capable of
changing output by up to 6 dB.

TABLE IV. FREQUENC? RESPONSE OF CHANNEL 9 OF 4~kHz FIBER OPTIC SYSTEM
WITH XMIT MODEM SN 001 AND RCVR MODEM SN 002

FREQ LSS "TFREQ 7 LUSS
(kHz) (dB) (kHz) (dB)
9.2 0.2 2.1 3.3
0.3 0.4 2.2 3.5

) 0.4 1.0 2.3 3.6
‘ £.5 1.5 2.4 3.8
0.6 1.5 2.5 | 3.9
0.7 2.0 2.6 4.0
C.8 2.0 2.7 4.2
0.9 2.3 2.8 4ob
1.0 1.7 2.9 4.5
1.1 1.8 3.0 4.5
1.2 1.9 3.1 4.7
1.3 2.0 3.2 5.0
1.4 23 | 23 5.1

i 1.5 2.5 | 34 5.3
1.6 3.2 3.5 5.5
i.7 2.4 3.6 5.6
1.8 2.7 1,7 6.C
1.9 3.0 3.8° 6.0
2.0 3.0 3.9 6.1

) 4.0 6.2




w
i >
i wv
: O
3
[e]
[ ]
O
- ) Uy~ 22457013568013‘67907.
i - W M ¢ o ® o © & o o+ @ » @ ® o o o o
=
5d
ig
=
e ~
Om Nl NN LTNORRORO~MANNMNTNONGL,N™NO
Em ® & & & ® € 6 & 8 & © & © ® ® <+ o o e ®
9m m{\ NANNANANNNANNOONOMOOMTET Yy
w3
£5
N
|& N o)
o [ ) 00500233580023557000
12y vy M « e o o o @ e ® o o o
[e2N-4 [y ] 2100000000111111112
(7] -1~ L I |
8
2H
22
0 X
] ~ y
)] Nl NMIFTOANONONO _..34567890
.o..o.ooso. .
v..m uwm COO0VOOOO 011111111112 _
O [T
= J
. m"n
o
<

TABLE V.

L




— s

wo3sks 971d0 19qQ}J.zZHY 4 30 ¢ [dureyd 3jo ssuodsaz Louanbaiy

o, . (213) A.Xanda¥d INdNI

€ (4

ot

wu:w«m

NS 0L SLIWX TNS o—10
TNS 9L SLIWX I NS O—0O
anN3931

- -

10

CIARLE




[ (2]
m >
(73]
w
Q
: :
5 o
Lo/
o, —
o N O
nS ae
- 172 80144567002456801355 I & wn .~ 78C14556801355688024
i Bz 3 M ® o ® o % o o ® o o o @ s e o o o o (7 R /AN - 2] ¢ & o & & & o * 8 © e © e o
(%] (@1, ] 344‘44“455.3555566606 N o< 11QL22222233333333333
N — H..‘. ]
T E RS
o =
1 Q O
3 O =
= -
(<% O“
Om ~ ~
N 12345678901234567:890 -0 ‘jlran 434567890123/:.07890
-0 uuu . ¢ o o e * o a » - 75 e of ooo e o o e o
- g Fm\ 222226‘2223333333331..4 a0 HK-(V.M N NN 22-/-222&1.3333333334
143
8 2k i
-
% 127 [
~N —
b i -
g | 8
)~ 0798507555444455567 fr 22 W) 1098877777899012456
xe Z, v M e o 0 o » o wn v M ¢ o o e o o o e o & o o o o o
owm Q v 4446443333333333333 (a3 mvlooooooooooo-lll‘]ll
U I —hm s I
W ¥ 17
) ) = A
z Q mo
ge =
» (%)
(7] ]
uml ~ g -~
- O N 2345678901234567590 Mm o N ,2345678901234567890
munﬂ L3 ¢ & o 2 ® o o o e o o - > b 2 o} *« ¢ 8 o o © & o o o+ @
> o 00000000111111111.].4 Q uk 0000000011111111112
o ES se [F°
(] . .
WN - BE
2o g8
58 5
ks
[
*
. -
- -t
> - 4
5] (5]
»d -1
] <
[ &4

e ot . N




ema3sds o73do 19qyJ 303 ZHA-% JO [T [duv2yd 3O asuodsax Kouonbaay  2InBId
. (zH®) XONINCHUL 1NdNI
¥ B € | 2 1 0 |
2 . 3 1 J 'Y i

LNS 0L SLWX TNS  B-—8
T NS 9L SLIWX T NS o——0
anN3o3




-
P

ST

’ bo 1.544 Mbs Data Link
(1) 1ldle Channel Noise

(a) Manufacturer B Fiber Optic Systeﬁ. Results are showvm in
_table VIII for the ICN level of the modems and 10 or 100 meters of faiber op:iic

cable. .
\
{
TABLE VIII, IDLE CHANNEL NOISE OF 1.544 Mbs FIBER OPTIC SYSTEM
b Idle Channel Ncise (dBrnc) |
‘ Channel 10-meter ' 100-meter ¢ i
' Tested TSEC/CY-104 Fiber TSEC/CY-104 Fiber i
; (No.) Looped Back Optic Cable Looped Back Optic Cable g
i
' 3 22 22 22 27 ‘
7 18 20 18 20
10 24 24 24 24
15 23 24 ! 23 24
19 24 24 24 24 l
* .
22 18 18 18 G

{b) Coaxial cable RG~59B/U. Results are shown in table IX for
the ICN level. of 19 nr i00 meters of coaxial cable.

TABLE IX. TDLE CHANNEL NOISE OF 1.544 Mbs METALLIC CABLE SYSTEM °*

.Channel Idle Channel Noise (dBrnc)

, Tested TSEC/CY-104 10~meter TSEC/CY-104 100-meter
j (No.) Locped Back Coax Cable Looped Back Coax Cable | - i
i 3 22 24 22 22
z 7 18 22 18 20
i 10 23 23 24 24
i 15 22 24 22 24
| 19 24 24 24 24

) 22 18 20 18 - 18

13




3 (2) Crosstalk

(a) Manufacturer B Fiber Optic System. Results are shown in
s tables X and XI.

TABLE X. CROSSTALK MEASUREMENT. 1.544 Mbs DATA LINK
(~16 dBm TONE INSERTED ON CHANNEL 2)

Fiber Optic System _ Metallic Cable System
Channel 10-meter 100-meter __ _ l0-meter 100~-meter
Measured ICN [Krosstalk ICN [Lrosstalk ICN [Lrosstalk ICN |[Crosstalld
(No.) (dBrnc ) (dBrne) |[(dBrac)| (dBrnc) (dBrnc)| (dBrnec) |(dBrnc) (dBranc)
‘ 1 24 24 24 24 24 23 24 24
: 3 23 24 23 23 23 24 23 23
! 14 23 2 23 23 23 2 23 24
f 18 25 25 24 2 | 25 ! 25 | 24 24

(b) Coaxial.Cable. Results are sliown in cables X and XI.

‘ : TABL.E XiI. CROSSTALK MEASUREMENT, 1.54/, Mbs DATA LINK
(=16 dBm TONE INSERTFDL JIN CUANNEL 23)

Fiber Optic System ~ Metallic Cable Systen. |
; Channel 10-meter | 100-meter !0-meter 100-mezer
h Measured | ICN |[Crosstalk| ICN [Crosstalkr ICN FProsstalk| ICN [Crosstall
& (No.) (dBrnc) (dBrne) |{(dBrnec)| (dBrne) (dBrnc)| (dBrne) |(dBrne) (dbrne)
T 22 22 22 22 21 21 21 2i
™~
11 18 18 18 19 20 20 21 22
22 19 19 20 20 19 i° 21 21
24 17 17 17 17 17 17 20 20

A (3) Distortion

3
] (a) Baseline readings of the input signal distortion in perce .t
i

were made at frequencies of 1, 2, and 3 kHz. Results are shown in table ¥II.




TABLE XII. DISTORTION MEASUREMENT BASELINE READINGS

Test Tone
Frequency Distortfon (X)
(Hz) 1 meter 10 meters | 100 meters
1000 0.072 0.072 0.072
2000 0.044 0.0%0 0.052
3000 0.038 ! 0.045 0.046 i

(b) Percent distortion for the Manufacturer B fiber optic sys-
tem and coaxial cable system are shown in table XIII.

TABLE XIII. DISTORTION MEASUREMENT (l.544 Mbs DATA LINK)

l Digtortion (%) N .
Channel| Frequency Fiber Optic System | Mecrallic Cable Systen
(No.) (Hz) HY~12A 10 meters | 100 meters 10 meters | 100 meters
2 1000 1.95 1,95 1.95 1.95 1.95
2000 1.90 1.90 1.90 : 1.90 2.00
3000 2.70 2.70 2.70 2.70 2.70
23 1400 2.00 2.00 2.00 2.00 2.00
i 230u \ 2.00 2.00 2.79 2.00 2.20
l 3000 y  2.9C 3.00 290 ] 2.90 .90 _ |

(4) Bit Error Rate (BER)

. (a) Manufacturer B Fiber Opuvic System. No bit errors were re—

" corded for any run with either 10- or 100-meter lengths of fiber optic car.a.

Since no errors were observed in 463.2 megabits of data, it can be staced that
the point estimate system BER for a T-l input is L acketed by the interval:

0 < point estimate BER < 2.2 x 10-9 errors/bit

(b) Coaxial cable

1 vhen 10-meter lengths of coaxial cable wera used, no big’
errors were recorded on any test run. Since no errors were observed 1: 463.2
megabits of data, it can be stated that the point estimate system BER for a
T-1 iaput is bracketed by the interval:

0 < point estimate BER < 2.2 x 10-9 errors/bit

2 When 10C-meter lengths of coaxial cable were used, bit
errors were recorded during each of the three rums as follows: run No. 1,
2815 errors; run No. 2, 2729 errors; and run No. 3, 2771 errors. The re-
spective point estimite BiRs vevre 6.08 x 10-6, 5.89 x 10-6, and 5.98 x
10-6 errors/bit. ’




(5). Connect/Disconnect

(a) Manufacturer B Fiber Optic System. The fiber optic cable
between the two modems to carry data was disconnected and reconnected 100
times. ICN was measured every 10 times. Results are shown in table XiV.

(b)' Coaxial Cable. The cable between the TSEC/CY-104 and the
AN/FCC-97 was disconnected and reconnected 100 times. ICN readings are chown
in table XIV. '

TABLE XIV. CONNECT/DISCONNECT TEST (ICN IN dBrnec OF CHANNEL 2)

Number of Idle Chaunel Noise (dBrnc)
(onnects/Disconnects Fiber Optic Metallic
0 ' 23 23
- 10 23 23
2v 23 23
30 23 23
40 23 ' 23
50 23 ’ 23
60 23 23
70 23 . 23
8C . 23 23
90 2z 23
"100 23 23 J

(6) Cycle Flexing

(a) A oue volt peak-to-~peak square wave at 1 MHz was Irserted
into a Manufaciurer B modem. Optical power output at the end of 10 meters of
fiber optic cible was measured following every 100 flexes (cycles) of the
cable over a mandrel 2.5 times tle diameter of the cable. Results are shown
in table YV.

TABLZ XV. CYCLIC FLEX TEST

Optical Optical
Number of Number of Power Number of Power Number of
Cycles Cycles (uW) Cvcles (uW) Cycles

0 600 11 1100 i1 1600
100 700 11 1200 11 1700
200 800 11 1300 11 1800
300 900 11 1400 11 1900
400 1000 11 1500 11 2000

500
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(b) The optical power meter used in this test had not been
calibrated. It was compared to a calibrated AG&G, Electro-Optic Division
Radiometer/Photometer, Model 550-1, SN 3274, When the optical power meter
read 17 microwatts, the calibrated radiometer/photometer read 14 microwatts.

(7) 1Installation/Recovery Time. Results for the Manufacturer B

fiber optic system and coaxial (metallic) cable system are shown in table XVI
for installation and table XVII for recovery.

TABLE XVI. INSTALLATICN TIME

Installation Time (Minutes)
. 10 meters 100 meters
Trial 1 2 3 1 2 3
Number Person Persons Persons Person Persons Persons
Fiber Optic System
1 5 3 3 18 . 6 S
2 4 3 5 17 11 5
3 4 4 3 . 17 11 6
4 4 3 —— H 12 11 -
5 4 3 -- ! 8 10 -
6 4 3 - : 10 12 -— 1
- Metallic Cable System '
1 4 "2 2 7 5 b
2 -5 3 3 3 4 5
3 & 5 2 4 10 4
4 o 3 - 3 4 —-—
5 5 3 - 4 S -
£ 4 2 - 5 5 —




{ TABLE XVII. RECOVERY TIME

Recovery Time (Minutes)

10 merers 100 meters
Trial 1 2 3 1 2 3
Number Person Persors Persons Person Persons Persons

Fiber Optic System

1 5 3 2 16 7 6
2 3 2 2 12 10 5
3 3 2 3 10 10 5
‘ 4 3 2 - 10 9 -
5 2 2 - 11 10 -
6 2 2 - 10 10 -

Metallic Cable System

1 2 1.5 2 3 5 4
2 3 2 2 11 5 3
: 3 3 2 L.s |- 1 4 4
B 4 5 1.5 - 6 3 -
& 5 2 2 - y5 4 -
= 6 2 ;1.5 — | s 3 -
(Fiaure 5)

ce 12.€ lips bota Link
(1) 1Idi¢ Channel Hoise

(2) Manufacturcr C Fiber Optic System. Results are shown in
table XVIII for “he ICN leval of the modems - ud 10 or 103 meters of fiber
optic cable. ’

TABLE XVIII. ILLE CHaNNEL NOISE C©F 12.6 Mbs FIBER OPTIC SYSTEM

' __Idle Channel Noise (dBrne)d
‘ Channel [~ 10-meter 100-meter
Tested TSEC/CY-104 Fiber TSEC/CY-104 Flber
(No.) Looped Rack Nptic Cable Lovped Back Optic Cable
’ 3 22 23 23 24 j
" 7 .~ 18 20 18 20 - %
1
. 10 23 23 22 23 i
i 15 22 23 23 24 .
19 23 24 23 24
22 18 19 18 20
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(b) Coaxial Cable System.

ICN levels are shown in table XIX

for 10 and 100 meters of coaxial (metallic) cable linking the system com-

ponents.

TABLE XIX. IDLE CHANMNEL NOISE OF 12.6 Mbs METALLIC CABLE SYSTEM

Channel o Idle Channel Noise (dBrnc)
Tested TSEC/CY-104 10-meter TSEC/CY~104 100-meter
(No.) Looped Back Coax Cable Looped Back Coax Cable
3 22 22 22 T 22
7 17 19 17 19
10 23 23 24 24
15 24 24 24 24
19 4 24 24 24
22 18 18 18 18

tables XX
cable and

(2) Cross’clke.

Baseline ICN and crosstalk levels are <lown *n

and XVI ror 10 and 100 mever lengths of Manufacturer ¢ iiber oplic

coaxial zablie.

TABLE XX.

CROSSTALK MEASUREVENT, 12.6 Mbs DATA LINK
(-16 dBm TONE I'!SERTED 2N CHANNFL 2)

Fiber Optic System _ ;— Metallic Cable System
Channel l)-meter i00-meter lu-neter 100~meter
Measured ICN wesstalk ICN rosscalk ICN Krosstalx ICN rosstalk
(No.) (dBrnc) (oBrnc) | (dBrnc) (dfrac) (dBrnc)X (dBrne) | (dBrne) (dBrac)
1 22 23 22 22 22 25 22 22
3 22 22 22 22 22 23 21 22
14 23 23 23 23 23 23 23 24
18 24 24 24 24 24 24 24 24

20




TABLE XXI.

CROSSTALK MEASUREMENT, 12.6 Mbs DATA LINK

(-16 dBm TONE INSERTED ON CHANNEL 23)

Fiber Optic Sy=tem _ metallic Cable System

Channel 10-meter 100~meter lgjme:er 100~meter
Measured ICN [Lrosstalk ICN Krosstalk ICN [Crosstalk ICN rosstalk

(No.) (dBrne)| (dBrnc) (dBrnci (dBrne) (dBrnci (dBrnc) {(dBrnc) (dBrnc)

7 21 21 21 21 21 21 20 20

11 21 21 21 21 21 21 21 21

22 20 20 20 20 20 21 20 20

24 17 17 17 17 17 17 18 18

distortion with

(3) Distortion.

Baseline distorticn ithvough the HY-12A and total

system are shown in table XXI1.

10 and 100 meters of fibcr optic or coaxial cable in the

TABLE XXII. DISTORTION MEASUREMENT +12.6 Mbs ANALOG LINK)

system and the coaxial cable system were identical to those shown in paragraph

6b(4) of

this report.

(5) Frequency Kesponse

XXI1I and figure 3.

XX1V and

(a) The frequency response of the Manufacturer C fiber optic
system, uding T-603 modem SN 884 and T-608 modem SN 887, is shkown in table

The absolute output level at 1 MHz was 2.9 dBm.

(b) The frequency response of the Manufacturer C fiber optic
systen, using T-603 modem EN 881 and T-608 modem SN 888, is shown in table

figure 4.

21

The absolute output levecl at ! MHz was 2.9 dBam.

l Distorticn (73 H
Channrel Il reyg - -ney Fiber Optic Ssz::m I Metallic Cable‘§ystcﬂj
(No. (Hz) HY-12A 10 meiers 103_Eeter§"!' 10 meters ‘_}CU waters
2 1000 1.95 1.95 .95 1.95 1.95
2000 1.90 1.90 1.90 1.90 " 1.90
3000 2.70 2.70 2./C 2.70 2.70
23 1000 2.00 2.00 2.00 2.00 2.00
2000 2.00 2.00 .00 2.00 2.00
3000 2.90 2.90 2.0 | 2,90 | 290 |
(4) Bit Error Rate. Results for the Manufacturer C flber optic

L ——




TABLE XXIII.

FREQUENCY RESPONSE OF MANUFACTURER C 12.6 Mbs
DATA FIBER OPTIC SYSTEM USING T-603 MODEM
- SN 884 AND T-608 MODEM SN 887

GAIN )

(dB)
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(6) Connect/Disconnect. Results are shown in table XXV for ICN
reading that were made following every 10 connects/disconnects for both the
Manufacturer C fiber optic cable and the equivalent coaxial cable.

TABLE XXV. CONNECT/DISCONNECT TEST (12.6 Mbs DATA)
(ICN IN dBrnc OF CHANNEL 2)

Number of i Idle Channel Noise (dBrnc)
Connects/Disconnects Fiber Optic Metallic

0 23 23

10 23 23
20 23 . 23
30 - 23 . 23
40 23 23
s0 23 23
60 23 23
70 23 23
80 23 , 23
90 23 23
100 23 © 23

{7) Cyclic Fiexing

¢

(a) Results for the Manufacturc: C fiber optic cable are show»
i tahle XXVI. Gee paragraph 6b(6)(b).

TABLF ¥XVI. CyCLIC FLEX TEST (12.6 Mbs) FOR MANUFACTURER C
FIBER OPTIC CABLE

Optical Optical

Nuzber o. Power Number of Power
Cyclas (uW) Cycles (uW)

S22t
0 10 600 10
100 ’ 10 700 . 10
200 10 800 10
300 10 900 10
400 10 1000 10
500 10
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(b) Results for the coaxial cable are shown in-table XXVII.

TABLE XXVII. CYCLIC FLEX TEST FOR COAXIAL CABLE

Voltage Measured
Number of Flex Cycles (volts peak—-to~peak)

0
10
20
30
40
50
60
70
Y
90
100

bt bt bt Pt Bt ot Bt et et e et

RESULTS

"ai 4 kHz Veice Link
- (i} Tdle Channcl Noise. ICN levels measured on the Manufacturer 4
fiber optic link ranged from 24 to 28 dBrnc. They were at least 29 dB g:- ater
than those neasured on any pair of the 26 pair cable.

(2) Crosstalk. ©On the Manufacturer A fiber optic link, crosstalk
added from 1 co 5 dB neise to the baseline ICN level. No measurable change in
the baseline level of the ICN of the 26 pair cable was observed; however,
changes may have occu-red that were less than the sensitivity of the test
instrumerntation.

(3) pistorticvu. Tre Manufacturer A fiber optic link added from 0.65
to 1.17 percent distortion to the input signal. No more than 0.002 percent
distortion was added by the 26 pair cable. For both links, the percentage of
distortior added was generally insensitive to changes in input frequency.

(4) Frequency Response

a) Response'curves were fairly linear and negatively sloped
over the frequencr range 1 to 4 kHz; more erratic behavior was typically ob-
served in the frequency range 200 to 900 Hz.

(b) The slope of the response curve varied significantly be-
tween channel 9 :nd channel ll. As measured frou the 1 kHz point, a 3~dB drop
in gain occurred ot approximately 3 kliz on channel $ and 4 kHz on channell 11;
thus, channel 9 exhibited a "usable” frequency bandwidth for channel 1l.

26




(¢c) As previously noted, the optic ¢able did not seat well on
the modem connectors; movement of the cable was capable of changing output by
up to 6 dB. This equipment flaw is considered responsible for the noticesble
variation in the absolute magnitudes of the gain shown in the frequency re-
sponse curves.

(5) The condition/quality of the Manufacturer A fiber optic 1link was
clearly not up to par for a valid comparison with a 26 pair cable link as
evidenced by the following observations:

(a) Only channels 9 through 12 could be tested due to modem
malfunction.

(b) The fiber optic cable did not seat well on the modem cor-—
nectors.

(c) Performance characteristics were unexpectedly poor.

(d) The modems were developmental items built by Manufacturer A
for CORADCOM. Apparently, they did not inrcorporate the refinements that one
would expect in a producticn model.

b. 1.54% Mbs Data lLink

1} 1idle Channel Nnise. ‘ihe ICN vva'ings were similar “er 10 ur 100
Jeter lengclis of cable 1or both the Manufacturer B fiber optic link aud the
coaxfal (metallic) cable link. Each 1link typically added no wore than 2 ¢8 of
noise to the baseline ION of the looped back TSEC/CY-10Q4.

(2) trosstalk., Crosstalk induced additions to baseline ICN levels
were similar fur both 10 cr 100 meter lengths of cable for both the Manulac-
turer B fiher optic tink and the ~oaxial cable link. For each link, crcso
talk effects typicallv added less than 1 dB of noise to the baseline ICN.

t3) Distoiriieon. When compared to the distortion induced by the
HY-12A, neither 10 or 107 rerer iengths of cable for the Manufacturer B fiben
optic link or the metallic, coaxial cable lirk produced measurzble distortion.

(4) Bit Zrror Rate. The point estimate of the BER for a T~l bit
rate input into th2 fiber optic system with 10 or 100 meters of cable or intc
the 10 meter, coax!al cable link is less than or equal to 2.2 x 1072 errors/
bit. When 100 w2 ers of coaxial cable were used, the BER was significantly

increased to atout 6 x 10”9 errors/bit.

(5) Counect/Disconnect. Neither the Manufacturer B fiber optic link
nor the coaxial cable link experienced any change in ICN level following 100
cycles oi cable ccanectiug and disconnecting.

27
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(6) Cyclic Flexing. Optic power output dropped significantly
following 2000 cyclic flexes of the fiber optic cable. The optical power
output loss was about 2 microwatts (roughly 17 percent). i

(7) 1Installation/Recovery Time

(a) Installation/recovery times for 10 meters of fiber optic
cable and modems were, in general} slightly greater than those recorded four 10 %r
meters of coaxial cable. Times were significantly greater for 100 meters of ‘
fiber optic cable cnd modemns as compared to 100 meters of coaxial cable, es— ’
pecially when these tasks were performed by only one soldier.

(b) This observed time discrepancy is attributed to the foi—-
lowing causes:

1 During installation (recovery), six connections (discon-
| : nections) were required to install (recover) the fiber optic cable and mudems
as compared to only two connections (disconnections) for the coaxiul ratle
link.

2 The fiber Optiﬁ modems had to be turned on (off).

‘ ‘ ) 3 The fiber optic .able was felt to be more unruly and,
thus, harder to roll (unroll) and nandl_,

- 4 The test personnel were less experienced with fiber op
tic links ttan metalliz cable links.

(¢) More precise studies could have been conducted by a human
factors enginrer. Howaver, USACEEIA persounnel did not believe that such work
would be cuci-effective at this point in the project (see ref lc, para 2i).

¢ce 12,6 Mhs Dara Link

{1) Idle Ctanuel Noisc. The ICN readings were similar for 10 or 100
meters of cable for both the Manufacturer C optic link and the coaxial cable
link. No more than 2 dB of ICN was added to baseline (looped back
TSEC/CY-104) rczdings by either link.

{2} Croustalk. No crosstalk induced additions to baseline ICN
: . levels were notrd for either 10 or 100 meters of Manufacturer C fiber optic
! cable. For the .U and 100 meter lengths of coaxizl cable, crosstalk effects
typically added less than 1 dB of noise to the baseline ICN.

(3) Distortion. When compared to the distortion caused by the
HY-12A, neither 19 or 100 meter lengths of cable for the Manufacturer C optic
link or the coax’al link produced measurable distortion.

] 28




(4) Bit Error Rate. The point estimte of the BER for a T~l bit rate
input into the fiber optic system with 10 or 100 meters of Manufacturer C
cable or into the 10 meter, coaxial cable link is less than or equal to
2.2 x 1079 errors/bit. When 100 meters of coaxial cable were used, the BER
was significantly increased to about 6 x 1076 errors/bit.

(5) Frequency Response. The Manufacturer C fiber optic link demon~
strated a virtually flat frequency:'response from 1 kHz to 1 MHz. The link
displayed a usable frequency bandwidth of more than 30 MHz. This link, which
was designed for 20 MHz zanalog use, Incorporated an automatic gain control
(AGC) in the modems; this feature was primarily responsible for the excellent
frequency response characturistics of this liak.

(6) Connect/Disconnect. Neither the Manufacturer C optic link uor
the coaxial cable link experienced any measurable change in ICN level fol-
lowing 100 cycles of czhle connectling and disconnecting.

(7) Cyclic Flexing. No measurable change in the optic power outnut
of the Manufacturer C optic cable or the output of the coaxial cable was ob-
served following 2000 flexes of the fiber optic cable and 100 flexes of the
coaxial cable.

7. ANALYS:S

a. 4-k'z Voice Link
L g
(1) The Manufacturer A fiber optic link displzyed more idle charnael
noise,; crosscalk, and dictortion than the 26 pair wmetallic cable link. [-= ad-
dition, the frequency response of the fiber optic link indicated that the
"usable"” channel bandwidth was less than 3.2 kHz, which is an approximata
standard fo. -ommercial volce telephone applications. The significance o~
these problems would depand on the system in which the fiber optic link was
used.

. (2) Tue poorer gciforucnce of the Manufacturer A fiber optic link
can be attributed to severai lfactors:

(2} The fiber optic link included two active electronic devices
(the modems) whereas the 26 pair cable link was completely passive. Perform-
ance degradation is most likely the product of the fiber optic modems and not
the fiber optic cable. 4

(b) As previously noted, the fiber optic modems were develop-
mental models and .n poor condition.

(3) Consequently, this test does not present a fair coamparison be-
tween fiber optic links at voice frequency and the corresponding 26 pair cable
link. A more va. d comparison could be made if production mcdels of fiber op—-
tic modems in a goud state-of-repair were available for testing.




b. 1.544 Mbs Link

(1) Measured ICN, crosstalk effects, and signal distortion were
nearly identical four the Manufacturer B f.ber optic link and the coaxial cable
link. BER was significantly lower for the fiber oztic tink with 100 meters of
cable than for the same length of coaxial cehl. (at a T-: data input rate).

(2) Although 100 cycles of connectiug and disconnecting the Manufac-
turer B fiber optic cable and the coaxial cerle had no effect on ICN readings, 4
2000 cyclic flexes of the fiber optic cable caused a significant loss in opti-
cal power output (more than 10 percent) in the fiber optic cable. Thus, the
Manufacturer B fiber optic cable would arperience a gradual deterioration in
performance 1f subjected to repeated flexing in its iatended field eaviron-
ment.

(3) In spite of the lighter weight of the fiher optic cabl:z, instal-
lation and recovery times were longer for th2 Manulacturer B fiber optic lick
than the coaxial link due to the presence ol the fiber optic modems, which
required three times as many cable connections and disconnezticns. Time dif-
ferences were most pronounced for one-man installation »r recovery using 100
meters of cable. ' /

(4) ‘ihs, the Mawufacturer £ fiker :otic link demonstrated sci.lliar
or improved electrical performance to the coa-..cl cable link, but req.i.cd
more time to install or recover and experierced gradual deterioration of
output power caused by repeated cyclic flexec« ot the cable.

c. 12.6 Mbs Data Link

(1) The Manufacturer C fiber optic f1iw 's electrical perfcranance was
essencially the same (or better for BER) as thac of the coaxial ca®le lin't.
Repeated cyclic flexing and connecting/disconnectling of the cable caused no
measurable change in the performance of the fiber cptic link. However, s
previously mentioned, instaliation/recovery times woulsd most likely be louger
for the fiber optic link than the coaxial cable link.

(2) The Manufacturer C fiber optic link used state-of~-the art com—
ponents that are being used in commercial applications. Therefore, ihis
comparison with the coaxial cable link is comnsidered to be a valid one.

d. When used in zero length intrastation applications, the better elec-
trical performance of fiber optic cable in comparison to the equivalent mec i~
lic cable appears to cnmpensate for the degradation in electrical performance
caused by the presesnce of the medens required in the fiber optic lirk. The
lighter weight of the fiber optic cable does not compensate for the additicnal
connections/discornections requirved in the fiber optic links tested when
installation/recovery time i3 considered.
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8. CONCLUSIONS

a. 4 kHz Analog

The 4kHz fiber optic analog link was poc-er in all catagories of
tests than the 26 palr cable. Thls was due to rhe fact that the manufacturer A
fiber optic link was neither In the state-of-repair nor of adequate quall+ty of
construction to permit a valid comparison with the equiveient 26 palr meisllic
cable link used In @ 4 kHz voice, zero length inTrastation application.
Further, Manufacturer A fiber optic Iink was not an off-theo-shelf modem, but

was the result of an exploratory developmrent contract.

b. 1.544 Ib/s Link

(1) The decradation of power outpui wity 200 cyclic flexes of “he
fiber optic cable (grsater than 10%) is considered to be trivial considering
the galn margin avallable at 100 4. In addition, z000 flexes is considerec 7o
be fer more than would be encountered In a norn.! wouipmert |lfetime.
Therefore, the fiber optic cable is considered tc be more ihan rugged ancugh

for intrastation Interconnection application.

(2) The increase Installation and recovery times for the fiber optic
cable was due to the use of BAMI/TTL units to interface the fiber optic modems
with the TSEC CY-104 1.544 Mb/s multiplexer. This ad hoc interface was

required since the CY-104 Digital bit stream Input/output was not designed for
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a fliber optic Interface. This added Interface device would not be required in

a properly engineered fiber optic transmission system.

{3) The Increased bit error rate icor the coax cable at the 100 meter
distance was due to operating the equipment beiord Its design Iimit (150",
This does, however, underliine the increased fiexibility of equipment layout

possiblie with fiber optic cable which had no errors at the 100 meter distance.

(4) If fiber optics Is to be used fou this iink, the present coax
cable driver electronics (bi-polar) would be replaced by the optical ceule
driver electronics (LED transmitier and PIN npotocdicde detector). The number
of Interconnects would then be the same as for coax vable- one data cable and

one timing cable.

c. 12.6 Ib/s

(1) There was no degradation in icle channel noise, distortion,
crosstalk, or bit error rate when fiber optics wal used to replace coar cable
at the 12.6 Mb/s rate. This result was in splte of the fact that no commercial
digital {Iiber optic modem could he found whleh would *ake a 12.6 Mb/s bi-poier
signal as an Input. The plus and minus one volt signal wec treated as an

analog signal and was passed with |1ttle distortion over a 20 MHz analoj fiber

optic link.

. ,.v..-...__-—lﬂﬂ




d. Generat Conclusions

(1) The technical feasibllity of using commercial fiber optic data
1inks with standard strateglc communications transmission multiplex equiprent

In an Intrastation applicetion environment was demonstrated.
H

(2) Fiber optic links greatly Increase the flexibility of equipment
fayout since tne cable is non~concuctive electric and nelther radiates nor

picks up electromagnetic radlation.

(3) Most available commerclial fiber optic modems wiil probably not

meet TEMPEST requirements.

(£) The ccommercial flber optic systems available at the tinz
b 2
selection of candidate ttems fc - evaluation vas made, were not designed to
Interface opt mally wi*h *he CCS multiplexers then in use, i.e., TSEC CY-104,

AN/FCC~97.

{3) Commercici cable fiber optic systems are rugged and handle
easlily enough for intrastation applications in the DCS and other fixed plant

envircnments.

(6) Atteistilon must be given to design and handling of fiber optic
connectors In flber optic interconnects to prevent losses due to misalignment

or Impropor seatling of coanectors.
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9. RECOMMENDATIONS

a. PCMmultiplexers, channel banks, digital radios, and diglital data
processing equipment should contain Integral fiber optic transmitters and
receivers with optical ports (connectors) for fiber optic Interconnectivity,

)

b. A family of fiber optic ftransmitters and receivers should be devclioped
for inplementarion as integral parts or appligues to DCS data transmlssion
equipment. Mue to the large number of small commercially avallable flber optic

modems, the development reguired may be minimal, resuiting in more of -

Jr—

repackaging effort than a development.

c. W is ot considered cost effectiv: to use fiber optics for voice
fraquency channels (space multliplexingi, due +o 1he cost of fiber opilc
t®ansmitters and receivers. Application of Fiber Optics to digital trans-

misslon/multiftexing !s recommended with a minimum rate of at least the -1

rate (1.544 b /s as a cost effective consideration.
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l¢ & KHZ VOICE LINK
1.1 IDLE CHANNEL NOISE (ICN) J
A. Equipment Used.
’ 1. Fiber Optic Systen.
a. 4-kHz fiber optic modems (2 ea),
b. 300 meters fiber optic‘cable.
c. J=1077 A/V junction box (2 ea).
d. Transmission impailrment measuring set (KP 4940 AV, SX
01A00688). . .
2. Metallic Cable System.
a. 26 pair cable (250 ft).
b. J~1077 A/V junction bsx (2 ea).
c. Transmission impairment measurins, ce. (HP 4940A, SN
01A00688).

were set for message circuir noise, noic2 filter selection to C-messag:
weighting and circuit impedarnce of 600 ohms. The distant end of the ~h-nnel

was

figure 2.

Note: Channels 9-12 on fiber optic modem were the only channels that wer:
operational.

B. Procedure.
. Fiber Optic System.
a. Test set up using figure 1.

b, HP-4540A TIMS was set up i~ the following manner. Switches

terninated at 600 otms.

2. Metallic Cable System —- Same procedure as B.l above arcept using

C. Test Data.

TABLE T. IDLE CIANNEL NOISE CF &4-XPZ FIBER OPTIC SYSTEM

Channel No. Idle Channel Noise (dBrnc) '7
9 24
10 28
11 25
12 24




Idle channel noise for metallic cable system was lower than HP-49404
measurement capabilities. HP-4940A measurement range is 20 to 90 dErnc.

1.2 CROSSTALK \
A. Equipment Used.
1. Fiber Optic System.
a. 4-kHz fiber optic modems (2 ea).
b. 300 meters fiber optic cable.
ce J-1077 A/V junction box (2 ea).
d. Test oscillator (HP 204C, SN 808-01789).

e. 1lransmission impairment measuring cet (HP-4940A, TIMS, SXY
01A00688).

2. Metallic Cable System.
a. 26 pair cable (250 ft).
b. J-1077 A/V junction box (2 ea).
¢e Test oscillator (HP=204C, SN R(3-01789).

de Transmission impairment meas.'vring sct (MIP=-4940A, TIMS, SN
01A00688).

B. Procedure.
l. Fiber Optic System.

a. Test set up using figure 3.

b. HP-2046 test oscillator was set at 1000 Hz at -10 dBp and
connected to transmit end of J=1077 A/V junction box. HP-4940A TIMS was set
up in the following manner. Switches were set for mecsage circuit noise,
noise filter selection to C-message weighting and circuit “mredance of €00

ohms. The TIMS was connected to receive end of adjacernt channel to te tes*ed.

2. Metallic Cable System -~ Same procedure as B.] above except using

figure 4.

(28]




C. Test Data.

TABLE I1I. CROSSTALK OF 4-KHZ FIBER OPTIC SYSTEM

Crosstalk Measurement (dBrnc)

1 Idle Channel 1000 &hz 1200 Hz 1000 Hz 1000 Hz
r Channel Noise of =10 dBm -10 dBu -10 dBm -10 dBm
' Tested Channel Tested Tone on Tone on Tore on Tone on
f (No.) (dBrnc) Channel 9 ChLannel i0 Channel 11 Channel 12
]
’ 9 24 - 29 27 26
10 28 29 - : 29 ) 23
q o 11 25 26 27 - 30
12 24 27 25 26 -

1.3 DISTORTION
A. Equipment Used.
1. Fiber Optic Systen.
a. 4-kHz fiber optic modem (2 ea)}.
b. .00 meters fiber optic cablz
c. J-1077 A/Y junction box (2 ea).
d. Test oscillator (HP-204., SN 80v-~01783).

e. Distortion analyzer (HP-33«A, SN 114GA07152).

f. Frequency selective voltmeter {(iycom 6010, SN 122).
g. Balanced to unbalanced circuit transformer.

2. Metallic Cable System.
a. 26 pair cable (250 ft).

b. J-1077 A/V junction box (2 ea).

¢. Test oscillator (HP-204C, SN 808-01789).
A d. Distortion analyzer (HP-334A, SN 1140A407152).
} e. Frequency selective voltmeter (Rycom 6010, SN 122).

f. Bulanced to unbalanced circuit trancformer.




B. Procedure.

l. Base line measurement.
a. Test set up using figure 5.

b. Test oscillator HP-204C was set at 1000 Hz at -10 dBm and
connected to balanced side of transformer, and terminated at 600 ohms
impedance. The distortion analyzer HP-334A was connected to the unbalanced
side of the transformer and measurements taken. Procedure repeated for 2CCO
and 3000 Hz.

2. Fiber Optic System
a. Test set up using figure 6.

e Test oscillator HP-204C was set at 1000 Hz at -10 diz writh
the signal sent through the cys%em, connected to the balanced side of
transformer, and terminated at 600 ohms impedance. The frequency selection
voltmeter Rycom 6010 was set to 600 ohms and also connected to the balanced
side of the transformer. The distortion analyzer HP-334A was connected to th~
unbalanced side of the transformer. The frequency selective voltmeter :as
tuned to 1000 Hz and the power output of the test oscillator was adjusted
until proper levels were read on the voltmeter. Distortion level readings
were then taken. This procedure was then repeated for 2000 Hz and 3000 Hz.

3. Metallic cable system —- same piocedure as B.2 above except usinmp
figure 7.
C. rara /Vo 2.7
- e ea
TABLE III. 4 KHZ VOICE DISTORTICN
- Distortion Levels (%)
Frequency Fiber Optic Systen Metallic Cable Systin
of =10 dBm Boseline
Test Tone measure- Chan Chan Chan Chan Chan Chan Chan Chan
(Hz) ment 9 10 - 11 12 1 13 14 26
- 1000 0.072 1.2 0.7 1.25 1.95 0.072 0,072 0.072 0.072
2200 0.046 1.0 0.7 . 1.15 1.85 0.G48 0.048 0.048 0.048
3000 0.038 0.95 0.8 1.2 1.75 0.040 0.040 0.040 0.040




2. 1.544 MBS DATA LINK
2.1 IDLE CHANNEL NOISE
A. Equipment Used.
1. Fiber Optic System.
a. 1.544 Mbs data fiber optic modems (4 ea).

b. TFiber optic cable (10~ and 100-meter lengths).

¢. BAMI/TTL interfack converter (2 ea, SN 002604 and 002605). ‘
d. TSEC/CY~104 multiplexer (HY-12a, SN 139 and HN-74, SN 500).
e. AN/FCC-97 multiplexer (S" 01J0033).

{ f. Transmission impairment rieasurement set (HP-4940A TIMS,
' SN 01A00688).

7« Mecallic Cable System.
a. Coax cable RG~59 (10- and 1C0-meter lengths).
b. TSEC/CY-i04 multiplexer (HY-12A, SN 139 and HN-74, SN 500).
c. AN/FCC-97 multiplexer (SN 01J0033). J

d. Transmissioa impairmen* measuring ccc {HP-4940A TIMS,
SN 01A00688). ,

| B. Procedure.
l. TSEC/CY-104 Loop Back (NRZ Lew» J107 to Ji08).

a. Test set up using figure 8.

R AK L et T8 o e

b. HP-LS40A TIMS was sa* up in the following manner. Switches
were set for message cirzvit noise, noise filter selection to C-message
weighting, and circuit impedance of 600 ohms., The transmit channel of the
TSEC/CY~-104 was terminated at 600 ohms. The noise level was checked at the
front receiver patch on the 7120-05 channel wuit card of the TSEC/CY-104.

PSRN

2. Fiber Optic System —-- Same procedure as in B.l above except using
figure 9.

3. Metallic Cable System -- Same proceudres as in B.1l above except
using figure 10.




%
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8 C. Test Data

TABLE IV. IDLE CHANNEL NOISE OF 1.544 MBS FIBER OPTIC SYSTEM

Idle Channel Noise (dBrnc)

Channel 10-meter 100-zeter 3
Tested TSEC/CY-104 Fiber TSEC/CY~104 Fiber j
(No.) Looned Back Optic Cable Loored Back Optic Cable .
| 3 22 . 22 22 22
7 18 20 18 20
10 24 24 24 24 ?
;1 15 23 24 23 24 g
;“ ' 19 24 24 24 24 ﬂ
| 22 18 18 | 18 18 ;
. j

TABI* V. IDLE CHANNEL NOISE OF 1.544 MBS METALLTC CABLE SYSTEM

Channer 1die Clannel Vo se (dBrrc) _ ﬁ
Tested TSEC/CY~104 10-meter TUTSEIAICTETVG 100-weter
(No.) Looped Back Coax Cable Looped Back Coax Cable
3 22 24 2% 22
7 18 22 18 20
10 ' 23 23 24 24
15 22 24 22 2
19 24 24 24 24
22 18 20 18 18 ]
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2.2 CROSSTALK

A. Equipment Used.

1. Fiber Optic System.

a. Fiter optic modems (4 ea).

b. Fiber optic cable (10~ and 100-z:ter lengths).

¢. BAMI/TTL interface converter (2 ea, SN 002604 and 002605).
d. TSEC/CY-104 multiplexer (HY-12A, SN 139 and HN-74, SN 500). .
e. AN/FCC-97 multiplexer (SN 01J0033).

f. Transmission impairment measuremernt set (HP-4940A TIi'S,
SN 01A00688).

g. Test oscillator (HP-204C, SN 808-01789;.
2. Metallic Cable System.
a. Coax cable RG-59 (10~ and 100-mener lengths).

b. TSEC/CY-104 multiplexer (HY-124, SN 139 and HN-74, SN 5C0).

c. AN/FCC~97 multiplexer (SN 01130035,

d. Transmission impairment measur.ng set (HP-4940A TINMS,
SN 01A00688).

e. Test oscillator (HP-2C4C, SN 808~01789).
B. Procedure. \
1. Fiber Optic System.
a. Test set up using figure 11.

b. HP 204C test oscillator was set at 1000 Hz and a =16 dBm tone
was inserted into the transmit patch on the 7120-05 channel unit card of t*tre
TSEC/CY-104. The receive patch of the disturbing channel was terminated at
600 ohms. The HP-4940A TIMS was set up in the following manner. Switches
were set for message circuit noise, noise filter selection to C-message
weighting, and circuit impedance of 600 ohms. The TIMS was then connected o
the receive patch of the 7120-05 channel unit card of the disturbed channel.
The transmit patch of the 7120-05 channel unit card was terminated at 600
ohms. The tone was inserted omn channels 2 and 23, and the physically and
electrically adjacent chaznnels to both were tested.

2. Metallic Cable System == Same procedure as in B.l above excep-
using figure 12.
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C. Test Data.

TABLE VI. CROSSTALK MEASUREMENT, 1.544 MBS DATA LINK
(-16 DBM TONE INSERTED ON CHANNEL 2)

Fiber Optic System ¥Yetallic Cable Svsten

Channel 10-meter 100-meter 1C-neter lu0-neter

Measured ICN Crosstalk ICN Crosstalk JCN (rosstalk ICN Crosstalk
(No.) (dBrnec) (dBrnc) (dBrnec) (dBrne) (dBrnc) (dBrnc) (d8rnc) (dBrnc)

1 24 24 24 24 24 25 24 24
3 23 24 23 ‘23 23 24 23 23
14 23 24 23 23 23 24 23 24

18 25 25 24 24 25 23 24 24

TABLE VII. CROSSTALK MEASUREMENT, 1.544 MBS DATA LINK
(-16 DBM TONE INSERTED ON CHANNEL 23)

____Fiber Optic System Meraili~ Cable Sys~cm
Channel _  10-u=z%er 100-meter 10-. cer 100-ulter
Measurea IZ. (rnsstalk  ICN Crosstalk I_N Crosstalk ICN Crosstalk

(No.) (dBrnc) {2Brnc) (dBrnc) (dBrnc) (d31§%l_(d8rnc) (dBronc, (dRrrr)

7 22 22 22 22 1 21 21 21
11 18 18 18 19 20 20 21 22
22 19 19 20 20 19 19 21 21
24 17 17 17 17 17 17 20 20
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2.3 DISTORTION
A. Equipment Used.
l. Fiber Optic System.
a. Fiber optic modems (4 ea).
b. Fiber optic cables (13- and INU-meter lengths).
c. BAMI/TTL interface converte- (2 ea, SN 002604 and 002605).
d. TSEC/CY~104 multiplexer (HY-12A, SN 139 and HN-74, SN 500).
e. AN/FCC-97 nultiplexer (SN 01JC033).
f. Balanced to unbalanced circuit traasformer.
g. Test oscillator (HP-204C, SN 808-01789).
h. Frequency selective voltmeter (Rycom 6010, SN 122).
i. Distortion analyzer (HP-334A, SW 1140407152).
2. Metallic Cable System.
«. Coax cable RG-59 (10~ and 100-r-ter lcngths).
b. TSEC/CY-104 multiplexer (HY-!:3, SX 139 and HN-74, S¥ SNY,
c. AN/FCC-97 multiplexer (SN 0.J0J33).
d. Balanced to unbalanced circuit transformer.
e. Test oscillator (HP-204C, Sv 3u3-01789).
f. Frequency selective voltmeter (Vvecom 6010, SN 12z;.
i. Distortion analyzer (HP-334A, SN 114040/152).
B. Procedure.
l. Baseline Measurement.
a. Test set up using figure 5.
b. Test oscillator HP-204C was set at 1000 Hz and -16 dBm,
connected to the balanced side of the transformer and was terminated at 600
ohms impedarce. The distortion analvzer HP-33%4A was connected to the
unbalanced side of the transformer and measurements taken. The procedure vas
then repeated for 200C Mz and 3000 Hz. Coax cable leugth between trans-

former and distortlon analyzer was then varied, using l-, 10=, and 100-mete:
lengths.




- 2. Distortion Measurement of HY-12A.

a. Test set up using figure 13.

b. The test oscillator HP-204C was set at 1000 Hz and inserted a

~16 dBm tone into the transmit patch on the 7120~05 channel unit card zf{ the

HY-12A. The receive patch on the 7120~05 channzl unit card was then cnanected

to the balanced side of the transformer and terainated at 600 chms. The fre-
quency selective voltmeter Rycom 6010, set at 600 ohms bridging, was also
connected to the balanced side of the transformer. The distortion analyzer
HP-334A was connected to the unbalanced side of the transformer. The fre-

quency selective voltmeter was tuned to 1000 Hz and output of the test os:il-~ )

lator adjusted until proper signal levels were observed. Distortion measure-
ments were then raken. This procedure was repeated for 2000 Hz and 3000 Hz.
Both channels 2 and 23 were measured. .

3. Fiber Optic Sysiem ~- Same procedure as B.2 above except using
figure 15.

C. Test Data.

TABLE VI1I. DTSTORTION MEASUREMENT BASELINE READINGS

Test Tone
Frequency Distortion (%)
(Hz2) 1 meter 10 maters 100 meters
1000 0.072 0.0,z 0.072
- 2000 0.044 0.050 C.052
3000 0.038 0.045 0.046

'TABLE IX. DISTORTION MZASUREMENT (1.544 MBS DATA LINK)

Distortion (%)

Channel Frequency Fiber Optic Svsten Metallic Cable Systenm

(No.) (Bz) HY-12A 10 meters 100 meters 10 nmeters 100 meters
2 . 000 1.95 1.95 1.95 1.95 1.95
2000 1.90 1.90 1.90 1.90 2.00
3000 2.70 2.70 2.70 2.70 2.70
23 1000 2.00 2.00 2.00 2.00 2.00
2000 2.00 2.00 2.00 2.00 2.00
3000 2.90 3.00 2.90 2.50 2.90

10




2.4 BIT ERROR RATE
A. Equipment Used.

1. Condition diphase pattern (CDP) generator and error correlator
(CORADCOM GFE).

2. VFiber optic cadble (10~ and 100-meter lengths).

3. Fiber optic modem.

B. Procedure.

- 1. Test set up using figure 16.
J

k . 2. OCutput of CNP generator was connected to the data input terminal
‘ of the optical todem. The optical side of the modem was looped back and the

= data output of the optical modem was connected to the input terminal of the
] CDP generator and correlator. The CDP generator aund correlator were operated
L : at both 16 and 32 kbs.

C. Test Data.

TABLE X. BIT FRROR COUNT (1.544 MBS LINK) (16/32 XBS CDP TEST)

‘ Input Mumber of

Data Rate Pours Test YNumber of Error. o
(kbs) __ Was Run 10~meter 100-meter
16 100 0 0
32 50 0 0

2.5 CONNECT/DIGCONNECT
A. Equipment "sed.
l. Fiber Optic System.
a. Fiber optic modems (4 ea).
b. Fiber optic cable {(10-meter leugth).
c. BAMI/TTL interface converter (2 ea, SN 002604 and 002605).
d. TSEC/CY-104 multiplexer (HY-124, SN 139 and HN-74, SN 500).

e. AN/FCC~97 multiplexer (SN 01J0033).

11




f.
SN 01A00688).

g
2.
a.
b.
C.

d.
SN 01A00688).

Transmission impairment measurement set (HP-4940A TIMS,

Test oscillator (HP-204C, SN 808-01789).

Metallic Cable Systenm.

Coax cable RG-59 (10-meter length).
I{SEC/CY-104 multiplexer (HY-12A, SN 139 and HN-74, SN 500).
AN/FCC-97 multiplexer (SN 01J0033).

Transmission impairment measuring set (HP-4940A TIMS,

' B. Procedure.

| l. Fiber Optic Systenm.

\ a. Test set up using figure 9.

‘ b. The {iber optic cable between the two optical modems carrying
data was disconnecte¢ and reconnected 100 times. 1Idle channel noise was
measured every 10 times.

2. Metalli~ Cable System.
a. Test cet up using fioure 10.
b. The coax cable between the TSEC/CY-104 and the AN/FCC-97 wzs
disconnected ar’i re~onrected 100 times. Idle channel nolse was measured every
o+ 10 times.
Cc Test Ditao
TABLE XI. CONNECT/DISCONNECT T®3T (ICN IN DBRNC OF CHANNEL 2)

Number zf “Idle Channel Noise (4Binc)

Connects/Disconnects Fiber Optic Metallic

0 23 23
10 23 23
20 23 23
30 23 23
40 23 23
50 23 23
60 23 23
70 23 23
80 23 23
90 23 23
100 23 23

i2
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2.6 CYCLIC FLEXING

A. Equipment Used on Fiber Optic System.
1. Optical modem.
2. Fiber optic cable (l10-meter length).
3. Frequency synthesizer (SYNTEST S1-102, SN 10-2039).

4, Optical power meter (United Detector Technology, Mdl 40X,
SN 46088)0 ) )

B. Procedure.

1. Test set up using figure 17.

2. The frequency synthesizer was set at 1 MHz, l-volt peak-to-peak
square wave. The output was inserted into the optical modem. Optical power
output was measured withi the optical power meter. The cable was flexed over a
mandrel 2.5 times thz diameter of the cable. Power readings at the end of the
cable were measured every 100 cycles.

C. Test Data.

TABLE XII. CYCLIC FLEX TEST

Gptical Optical i Optical Opticai
Number of Power Number of Power Numbe~ of Power Number of Few~r
«Cycles {a17) Cvcles (u¥W) Cycles (ul) Cvcles (ui
0 12 600 11 1100 11 1600 10
100 12 700 11 1200 11 1700 10
200 12 800 11 1300 11 1800 10
300 12 990 11 1400 11 1900 10
400 11 1000 1l 1500 11 2000 10
500 11 .
2.7 TINSTALLATION/RECOVERY .

A. Equipment Used.
1. TFiber Optic Systems.
a. (ptical modems (4 ea).
b. TFiber optic cablie (10- and !00-meter lengths).
¢. BAMI/TTL interface converter (2 ea).

d. 1SEC/CY-104.

e. AN/FCC-97.




2. . Metallic Cable Systems.

a. Coax cable RG-59 (10~ and 100-meter lengths).

b. TSEC/CY-104.

c. AN/FCC-97.
B. Procedure.
1. Fiber optic system set up using figure 18.
2. Metallic cable system set up using figure 19.
3. The times measured apply only to the time needed to unryll or
| roll the cable and connect or disconnect the interface equipment. The

TSEC/CY-104 and AN/FCC-97 were previously installed.

| C. Test Data.

! TABLE XIII. INSTALLATION TIME

Installation Time (Minutes)

10 meters 100 meters
Trial 1 2 3 1 2 3
Number_ Person Persons Persor- _Person Persons Persons

Fiber uptic Svir - m

* 1 5 3 3 18 6
2 4 3 5 17 11
3 A 4 3 17 11
4 4 3 -~ 12 11
5 4 3 —-— 8 10
6 4 3 - 10 12

Metall‘¢ Cable System

LS JEVS N N ]

1

i
VW~
VT e&sOodsn:
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TABLE XIV. RECOVERY TIME

Recovery Time (Minutes)

10 meters 100 meters
Trial 1 2 3 1 2 3
Number Person Persons Persons Person Persons Persons

Fiber Optic System

1 3 3 2 16 7 6
2 3 o2 .2 12 10 5
3 3 2 3 10 10 5
4 3 2 - 10 - 9 -—
- 5 2 2 -~ li 10 -
- 6 2 2 - 10 10 -
$: Metallic Cable System
l 1 2 1.5 2 3 5 4
2 3 2 2 11 5 3
) 3 3 2 1.5 11 4 4
i 4 5 1.5 - 6 3 -
j S 2 2 - 5 4 -
'@'! 6 2 1.5 - 5 3 -
3

15




3. 12.6 MHZ ANALOG LINK
3.1 1IDLE CHANNEL NOISE

A. Equipment Used.

1. Fiber Optic System.

a. 12.6 Mbs analog fiber ~ptic wundems (4 ea).

b. Fiber optic cable, (10~ and ')0-meter lengths).
¢. TSEC/CY-104 multiplexer-(HY-12A, SN 139 and HN-74, SN 500).
d. AN/FCC-97 multiplexer /SN 01JC033).

! e. Transmission impairment measurement set (HP-4940A TIMS,
SN 01A00688). :

f. AN/FRC-162 M/W radio, SN 21A.
= : g. TerriCom M/W radio, NSN.

2. Metallic Cable System.

a. Coax cable RG-59 (10- and 100-meter lengths).
b. TSEC/CY-104 multiplexer (HY-.24, SN 139 and HN-74, SN >00).

c. AN/FCC-~97 multiplexer (SN C1J0033).

d. Transmission impairment measuring set (HP-4940A TIMS,.
SN 01A00688).

e. AN/FRC-162 M/W radio, SN 31..
f. TerriCom M/W radio, NSN.
B. Procedure.
1. TSEC/CY-104 Loop Back (NRZ Loop J107 to J10S).

a. Test set up using figure 8.

b. HP=-4940A TIMS was set up in the following manner. Switches .
were set for message circuit noise, noise filter selection to C-message
weighting, and circuit impedance of 600 ohms. The transmit channel of the

' TSEC/CY~104 was terminated at 600 ohms. The noise level was checked at the
‘ front receiver patch on the 7120-05 channel unit card of the TSEC/CY-104.

2. Fiber Optic System -—- Same procedure as in B.l above except u:ring
figure 20.

16




3. Metallic Cable System -~ Same procedure as in B.1l above except
using figure 21. ’

C. Test Data.

TABLE XV. IDLE CHANNEL NCISE OF 12,6 MBS FIBER OPTIC SYSTEM

Idle Channel Noise (d3rnc)

Channel 10-meter 100-meter
Tested TSEC/CY-104 Fiber TSEC/CY-104 Fiber
{No.) Looped Back Optic Cable Looped Back Optic Cable
3 22 : 23 . 23‘ 24
[ 7 18 20 S 18 " 20
! 10 23 23 22 23
‘ 15 23 23 23 24 .;
y . 19 23 24 23 24 .
3 22 18 19 18 20 ‘

TABLE XV'.. 1IDLE CHANNEL NOISE OF 12.6 MBS MFTALLIC CABLE SYSTEM

Channel Idle Chaniel Noice (dBrnc)
Tested TSEC/CY-104% 10-meter TSEC/CY-104 100-meter
(No.) Looped Back Coax Cable Looped Back Coax Cable
3 22 22 22 22
7 17 19 1? 19
10 23 23 24 24
15 24 24 24 | 24
19 . 24 24 24 24
22 18 18 18 i8

17
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3.2 CROSSTALK

A. Equipment Used.

1. Fiber Optic System.

a.
be
c.
d.

e.
SN 01A00688).

£.
g-
h.

2. Metallic Cabl: System.

a.
b.
Ce

d.
SN 01A00683:.

€.

f.

8.

B. Procedure.

1. Fiber Optic System.

Ae

b.

Fiber optic modems (4 ea).

Fiber optic cable (10- and 100-meter lengths).

TSEC/CY-104 multiPlexer (HY~-12A, SN 139 and HN-74, SN 500).
AN/FCC-97 multiplexer (SN 01J0033).

Transmission impairment measurement set (HP-4940A TIMS,

Test oscillator (HP-204C SN 808-01789).
AN/FRC-162 M/W radio, SN 31A.

TerriCom M/W radio,'NéN.

Coax zanle RG-59 (10— and 1C0-meter lengths?).
TSEC/CY~104 multiplexer (YY-12A, SN 139 and HN-7%, on 3(7).
AN/FCC~97 multiplexer (uN u140033).

Trinsmission impairment weasuring se:t (HP-4940A TIMS,

Test oscillator (HP-204%C, SN 828-017%9).
‘AN/FRC-162 M/W radic, S3 314

TerriCom M/W radio, NSN.

Test set up using figure 22. . ﬁ

HP-204C test oscillator was set at 1600 Hz and a -16 dBm tone

was inserted into the transmit patch on the 71.0-05 channel unit card of the
TSEC/CY~104. The receive patch of the disturbing channel was terminated zt
600 ohms. The HP-4940A TIMS was ser up in the followirg manner. 3witches
were set for message circuit nolse, noise filrer selection to C-message
weighting, and circuit impedance of 500 ohms. The TIMS was then connected to

18
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the receive patch of the 7120-05 channel unit card of the disturbed channel.
The transmit patch of the 7120-05 channel unit card #a: terminated at 600
ohms. The tone was inserted on channels 2 and 23, and the physically and
electrically adjacent channels to both were tested.

2. Metallic Cable System -— Same procedure as in B.l above except
using figure 23.

C. Test Data.

TABLE XVII. CROSSTALK MEASUREMENT, 12.6 MBS ANALOG LINK
(-16 DBM TONE INSERTED ON CHANNEL 2)

Fiber Optic System . Metallic Cable Svstem
Channel 10-meter 100-meter ) 10~meter 100-merter
Measured = fCN Crosstalk ICN Crosstalk ICN Crosstalk ICN Crosstalk
(No.) (dBrne) (dB8-nc) (dBrnc) (dBrne) (dBrnc) (dBrne) (dBrne) (dBrnc)

1 22 23 22 22 22 23 22 22
3 22 22 22 22 2z 23 21 22
14 23 23 23 23 23 23 23 24
18 24 24 24 24 24 24 24 24

TABLE VVIIT. CROSSTALK MEASUREMENT, 12.6 MBE3 ANALOG LINK
(~16 DBM TONE INSLITZD ON CHANNEL 23)

Fiber Optic Svstem L Mctellie Cable Svstem
Channel i0-meter 100-meter i0~meter 100~nmeter
Measured ICN Crosstalk ICN Crosciall. ICN <Crosstalk ICY Crosstalk

(No.) (dBrne) (dBrac) (dBrnce) (d2@ace) (dBrn~) (dBrne) (dBrne) (dBrne)

7 21 21 21 21 21 21 20 20
11 21 21 21 21 ) 21 21 21
22 20 20 20 20 20 21 20 20
24 17 17 17 17 17 17 18 18
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3.3 DISTORTION
A. Equipment Used.
l. Fiber Optic System.
a. Fiber optic modems (4 ea).
b. Fiber optic cables (10— and 100-meter lengths).

c. BAMI/TTL interface converter (2 ea, SN 002604 and 002605).

d. TSEC/CY-104 multiplexer (HY-124, SN 139 and HN-74, SN 500).
e. AN/FEC-97 Qultiplexer (sH 01J0033).

&: f. Balanced to unbalanced circuit transformer.

‘ g. Test uscillator (HP-204C, SN 808-01789).

f h. Frequeuncy selective voltmeter (Rycomr 6010, SN 122).

i. Disturtion analyzer (HP-334A, SN 1140A07152).

jo AN/FRC-162 M/W radio, SN 31A.

k. Te.riCom M/W radio, NéN.

2. Metcllic Cable System.

a. Coax cable RG-59 (10~ ard 100-meic: lengths). : ﬂ
be TSEC/CY~104 multiplexer 7il¥-12A, SN 139 and HN-74, SN 500).
c. AN/FCC-97 multiplexer (3., QlJON3?).

d. Balanced to unbalanczd zircuit transformer.

e. Test oscillator (HP-2C4C, SN 808-01/39).

f. Frequency selective voltmeter (Rycom 6010, SN 122).

g Distortion analyzer (HP®~334A, SN 1140407152).

h. AN/FRC-162 M/W radio, SN 31A.

i. TerriCom M/W radio, NSN.




B. Procedure.
1. Baseline Measurement.
a. Test set up using figure 5.

be Test cscillator HP-204C was set at 1000 Hz and -16 dBm,
connected to the balanced side of the transformer and was terminated at 600
ohms impedance. The distortion analyzer HP-334A was connected to the
unbalanced side of the transformer and measurements taken. The procedure was
then repeated for 2000 Hz and 3000 Hz. Coax cable length between trans-—
former and distortion avalyzer was then varied, using 1l-, 10-, and 100-meter
lengths.

2. Distortion Measurement of HY-12A.
a. Test set up using figure 13.

b. The test oscillator HF~204C was set at 1000 Hz and inserted a
-16 dBm tone intce the transmit patch on the 7120-05 channel unit card of the
HY~12A. “he receive patch on the 7120-05 channel unit card was then conne:zted
to the balanced side of the transformer and terminated at 600 ohms. The fre-
quency selective voltmeter Rycom 6010, set at 600 ohms bridging, was also
connected to the balanced side of the transformer. The distortion analyzer
HP~334A was connected tuv the unbalanced side of the transformer. The fre-
quency selective voltretar was tuned to 1200 Hz and output of the tezt useil-
lator ad justed uniil! vropar signal levels were observed. Dist->ticn wmo. re-
ments were thern .aken. This procedure was repeated for 2000 Hz and 300C =z:.
Both channels 2 a..d 23 were measured.

3. Filer Optic System --— Same jrocedure ac B.2 above except using
figure 24. ,
4, Motallic Catle System -~ Same procedure as B.2 above except using ;
figure 2S5.

C. Test Data.

TABLE XIX. DJSTORTION MEASURFMENT AT 12.6 M3S ANALOG LINK
BASELINE READINGS

Test Tone

Frequency Distortior. (%)
(Hz) 1 meter 10 meters 100 meters
1000 0.072 0.072 0.072
2000 0.046 0.052 0.052

3000 0.038 0.046 0.048




sl

TABLE XX. DISTORTICN MEASUREMENT (12.6 MBS ANALOG LINK)

| . Dictortion (%) i
Channel Frequency Fiber Optic Systen Metallic Cable Svstenm

- (No.) (Hz) HY-12A 10 meters 100 meters 10 meters 100 meters é
2 1000 1.95 1.95 1.95 1.95 1.95

2040 1.90 1.90 1.90 1.90 1.90 f

30090 2.70 2.70 2.70 2.70 2.70 '

i

23 1000 2.00 2.00 2.00 2.00 2.00 -

2000 2.00 2.00 2.00 2.00 2.00 f

3000 2.90 2.90 2.90 2.90 2.90 P

| 3.4 BIT ERROR RATE

S AR

A. 10- and 100-Meter Fiber Optic Calle System.
1. Equipment Uscd.

a. HP-2780A pattern generator/error detector, SN 1739800477,

b. AN/FRC-162 radio, SN 31A.

c. TerriCom M/W radio, NSN.

d. 1T+ 4503 Yiber optic modem trancmitter.
e. 77" [508 fiber optic mo.em receiver.

f. 10- ara 100-meter fiber optic cable.

g 2. Procedure. HF-3780A set up fo+ code output PRES N=15. HP-3780A
receiver set up for code input (see fig .86).

B. 10- and 100-Metar Coax Systou.
1. Equipﬁent Used.
a. HP-37804 pattern generator/error detector, SN 1739N0N0477.
b. AN/FRC-162 radio, SN 51A.

, c. TerriCom M/W radis, NSN.

dse 10~ and 100-meter cvax cable.

}‘ 2. Procedure. HP-3780A set for code output PRBS N=153. YP-3780A
| receiver set for code input PRBS. Bit rate was 12.928 Mbs (see fig. 27).




-i C. Test Data.

{ : TABLE XXI. BIT ERROR COUNT (12.6 MBS LINK) (16/32 KBS CDP TEST)
! Input Number of sunmber of Errors
] Data Rate Hours Test Fiber Optic Cable Metallic Cable
' (kbs) Was Run 10-meter 100-meter 10-zreter 100~neter
16 100 0 0 0 0
32 50 0 0 0 0

3.5 CONNECT/DISCONNECT
{ A. Fquipment Used.
l. Fiber Optic System.
a. Fiber optic modems (4 ea).
b. Fiber optic cable (10-meter length).
c. BAMY/TTL icterface converter (2 ea, SN 002604 and 002605).
d. TSEC/CY-104 multiplexer (HY-12A, SN 139 and HN-74, SN 500).
e. AN/ CC-97 multiplexer (SN 01J0C23).

f. Iizosmission impairment measrrement et (HP-4940A TIMS,
SN 01A00688).

;4 5. AN/FRC-162 M/W radio, SV 31A.

h. TerriCom M/W radio, NSN.

H 2. Metallic Cable System.

a. Coax cable RG-59 (10-mcter lengthn).

b. TSEC/CY-104 multiplexer (HY-12A, S¥ 139 and HN-74, SN 500).
¢c. AN/FCC-97 multiplexer (SN 015L033).

d. Transmission impairment measuring set (HP 4940A TIMS,
SN 01400688).

e. AN/FRC-162 M/W radio, SN 31A.

! f. TerriCow M/W radio, NSN.

4 23
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B. Procedure.
1. Fiber Optic System.
a. Test set up using figure 20.

o« The fiber optic cable between the two optical modems carrying
data was disconnected and reconnected 100 times. Idle channel noise was
measured every iC times.

2. Metallic Cable System.
a. Test set up using figure 21.

b. The coax cable between the TSEC/CY~10/ and the AN/FCC-97 was
disconnected and recomected 100 times. Idle channel noise was measured every
10 times.

C. Test Data.

T.BLE XXII. CONNECT/DISCONNECT TEST (12.6 MBS ANALOG)
(TCN IN DBRNC OF CHANNEL 2)

Nurher of Idle Channel Noise (dBrnc)
Connects/Disconnects Fiber Opntic Metallic

0 23 23 i

10 23 23

20 22 23
30 23’ 23 !
40 23 23 f
50 23 23 '

60 23 23
70 2° 23 |
80 23 25 ' !
90 23 23 ;

100 23 23

3.6 CYCLIC FLEXING ( 5
A. Equipment Used on Fiber Uptic System.

1. Optical modem. )

2. Fiber optic cable (10-meter length). |

3. Frequency synthesizer (SYNTEST S1-102, SN 10-2039).

4. Optical power meter (United Deteccor Technology, Mdl 40X,
SN 46088).




B. Procedure,
1. Test set up using figure 17,

2. The frequency synthesizer was set at 1 MHz, l-volt peak-to-peak
square wave. The output was inserted into the optical modem. Optical power
output was measuared with the optical power meter. The cable was flexed over z
mandrel 2.5 Limes the diameter of the cable. Power readings at the end of the
cable were measured every 100 cycles.

3. Test set up using figure 28 for metallic cable.
[}

4. Tew meters of coax were subjected to flexing measuremernts as per
B.2 above

C. Test Data.

TABLE XXIII. CYCLIC FLEX TEST (12.6 MBS) FOR EIBER OPTIC CABLE

Optical Optical
Namber of Power Number of Power
Cyrles (uW) Cycles (uW)
0 10 600 10
100 10 700 10
200 10 €090 10
3G0 10 900 10
400 10 1000 10 .
-0 10 ’

TABLE YiIV. CYCLTC FLEY TEST FOR CCAX CABLE

Voltage Mecasured
_N-mber of Flex Cycles {volts neak-to—-peak)

0
10
20
30
40
50
60
70
80
90

100

Pt et punt et e et e et et Pk
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1. FREQUENCY RESPONSE - 4 kHz FIBER OPTIC SYSTEM

a. Equipment Used
(1) HP Oscillator 204C, SN 808-01789
(2) Rycom Selective Voltmeter 6Gi(, SN 121
(3) Junction Box J-1077A (2 each)
(4) BHarris 4 kHz Modem, SN 001, 002
(5) Fiber Optic Cable (300 meters)

b. Data Acqguisition Procedure

(1) The test equipment was connectz2d as shown in figure 5. Ttre
oscillator (0SC) input was set for —10 dBm (power} av & frequency of 200 Hz;
it was routed through channel 9 of the "MIT" modem (SN 0Cl), the fiber optic
cable, channel 9 of the "RCVR" modem (SN (G2), to the voltmeter. The voltme-
ter was set for a 500-ohm terminating irpedance ard tuned to measure the out-
put of the "RCVR" modem at 200 Hz. A reading frowm *he voitmeter was recorded.

ANy

(2) The 0SC and voltmeter were adjusted av 1GC ilz steps from 200 Hz
to 4 kHz. Output readings were recorded at each frearency setting.

(9} Tuc modems were interchansed, with Sk 002 as the "XMIT' modexm
and SN 00l as the "ACVR" modem. The procedure rhcwn “n cubparagraphs Bl and
B2 was repeated.

(4) The procedures shown in subparagraprs B1-83 were repeated using
channel 11 of each modem.

cs Test Data

(1) The frecuency response of channel 9 of the system, with "XMIT"
modem S8 001 and "RCVR" modem SN 002, is shown in .able I and rfigure l. The
absolute output level at 1 kHz was -11.7 dBu.

(2) The frequency response of channel 9 of the syster, with "XMIT"
modez SN 002 and "RCVR" modem SN 001, is shown in table II and figure l. Ti
absolute output level at 1 kHz was -10.5 dBm.

=]
[

(3) The frequency response of channel 11 of the system, with "XMIT"
moden SN 001 and "RCVR" modem SN 002, is shown in table TIT and figure 2. The
absolute output level at 1 «Hz was -13.5 dBm.

(4) The frequencv response of channel 11 of the system, with "XMIT"
nodem SN 002 and "2CVR" nodem SN 001, is shown In table IV and Iigure IZ. The
absolute outputr level at 1 Hz was -1C.7 d3m.

o} he cptical con-

(3) During *resting, it was noted that the cable
5 able of

neccion herween Iue modeas did not sear well. Movenert was
changing ocutput by up to 5 d3.
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2. FREQULNCY RESPONSE.- 20 MHz FIBER OPTIC SYSTEM o
a. Equipment Used /////////

(1) HP Frequency Synthesizer 3320B, SN 32401783 f/
(2) HP Generator/Sweep 8601A, SN 12404817 ////
(3) HP Selective Voltmeter 312B, SN 34AOOE9§//;’///
(4) ANRITSU Selective VolFmeter MLSE&:"éQ M18114
(5) ITT Fiber Optic Modem T-608, SN 887, 888
T (6) 1ITT Ffiber Optic Modem T-603, SN 881, 884 ’ 3

f (7) ITT Fiber Optic Cable (10 meters)
b. Data Acquisition Procedure

(1) The test equipment was ccanected as shown in figure 6, using

! T-603 modem SN 884 and T-608 modem SN 887. The 3320B OSC was set to input 0
' dBm into the system at a frequency of 1 kHz. The 212B voltaeter was set for
75-ohms terminating impedance and 1 kHz. The output level was recorded.

oy omme e dmegan e e ae

(2) This procedure was repeated for frequencies from 1l to 9 kHz in 1
kHz steps from 10 to 100 kHz in 10 kHz steps, a.d from 1 to 10 MHz in I MHz
steps. Cucput levels were recorded.

(3) The test equipuent was connected as shown In figure 7, usiug the
same modems iterated in subparagraph Bl. The 3128 generator was set to input
-0 dBn into the system at a frequency of 10 M¥z. The ML55C was set for 75-ohms

terninating impedance and 10 MHz. The ontput level was recorded.

et -y ———am o e -

(4) This procedure was repeated for frequencies from 10 to 37 MHz in
10 Mdz steps. Output levels were recorded.

(5) The procedure shown in subparagraphz Bl-B4 was repeated usiag
T~003 nodem SN 881 and T-608 nmodem SN 888.

¢« Test Data

(1) The frequency response of the system, using T-603 modca SN 8834 '
and T-608 modem SN 887, is shown in table V and figure 3. The absolute output
level at 1 MHz was 2.9 dBm.

(2) The frequency response of the svstem, using T-603 moden SN 881
. and T-608 modem SN 888, is shown in table VI and figure 4. The absolute
4 output level at 1 MHz was 2.9 d3m.

| )




TABLE V.

TABLi VIl

FREQUENCY RESPONSE OF 20 MHz ANALOG FIBER OPTIC SYSTEM
USING T-603 MODEM SN 884 AND T-608 MODEM SN 887

FREQ GAIN FREQ GAIN

(kHz) (dB) (Milz) (dB)

1 2.9 1 2.9

2 2.9 2 2.9

3 2.9 3 2.9

4 2.9 4 2.8

5 2.9 5 2.8

6 2.9 ¢ 2.8

7 2.9 7 2.9

8 2.9 8 2.9

9 2.9 9 2.9

10 2.9 10 2.9

20 2.9 20 2.5

30 2.9 30 1.0

46 2.9 40 -1.1

50 2.9 50 -4, 1

60 2.9 €0 -6.7

7¢C 2.9 70 -5.C

80 2.9 80 ~-14.1

90 2.9 90 ~23.7
160 2.9

Fr."ENCY RESPONSE OF 20 MHz ANA LOG TIBER OP1IC SYSTEM
USING T-603 MODEM SN 881 AND T-603 MDDEM SN 86&8

FREQ GAIN FRE(G ] GAIN
(kHz) (dB) _Muz) i (éB)
t

1 2.8 ! | 2.9
2 2.9 . 2.8
3 2.9 3 . 2.7
4 2.9 4 | 2.5
5 2.9 5 2.6
6 2.9 6 2.6
7 2.9 7 2.6
8 2.9 8 2.6
9 2.9 9 2.6
2.9 10 2.6
2.9 20 2.7
2.9 30 1.7
2.9 40 -0.8
2.9 50 -3.7
2.9 60 -7.0
2.9 70 -11.7
2.9 80 -20.5
2.9 90 -29.1

2.9
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3. BIT ERROR RATE ~ 1.54% ¥b/s FIBER OPTIC SYSTEM
a. Equipment Used
(1) BAMI TTL Interface Converter, SN 2684, 2605
(2) BOMAR Frror Rate Test Set 271B, SN 304
(3) HP Electronic Counter 5245L, SN 648-11495
(4) HP Preset Unit 5264, SN 616-00584
(5) HKP Digital Princer 5103, SN 343
(6) V:ltec Fiber Optic Modem TTIC-D1, SN 1056, 1099, 1153,'and 1187
(7) Valtec Fiber Optic Cable (10 and 100 meter lengths)

bs Data Acquisiticu Procedure

(1) The test equipment was connected as shown in figure 8. Tel
meter lengths of fiber optic cable were used to interconnect the modems.

(2) The error rate test set was set for individual error mode,
automatic synchronization, and continuous count. It then input a data bit
stream into the system at a T-1 rate (l.%4+4 Mbs).

(3) Errors were counted by the electrouaic counter and recorded by
th® digital printer. The preset unit limited the time interval of each test
run tn 5 minutes; thus  &§53.2 megabits of data were enterzd into the system su
each run. This procedure was repeated for three, 5 minute test runs.

(4) Thr 10-weter lengths of fiber optic cable were replaced by
100-meter lergtns. Then, the procedure shown in subparagraphs b.(2) - b.(3
was repeated.

c. Tecst pata

(1) No bit errors were recorded for any run with either 10- or
100~-meter lengths of f£iber optic cable.

(2) Since no errors were observed in 463.2 negabits of data, it can

be stated that the point estimate system bit error rate for a T-1 input is
bracketed by the inrurval:

0 £ point estimate bit error rate £ 2.2 10-9 errors/bit
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4. BIT ERROR RATE -~ 20 MHz ANALOG FIBER OPTIC SYSTEM
a. Equipment Used

(1) BOMAR Error Rate Test Set 271B, SN 304
(2) HP Electronic Counter 5245L, SN 648-11495
(3) HP Preset Unit 5264, SN 616-00584
(4) HP Digital Printer, SN 343
(5) AN/FRC-16? M/W Radio, SN 31A
(6) AN/FCC-97 Digital Multiplexer, SN 01J0033 ' h
(7) Waveline 20 dB RF Attenuator 506-20, SN 613, 615
(2) Waveline 40 dB RF Attenuator 506-40, SN 579, NSN

(9) Terracom M/W Radio, NSN .

(10) 1ITT Fiber Opti: Modem T-608, SN 887, 8338

(11) 1ITT Fiber Optic Modem T-603, SN 881, 884

(12, 1ITT Fiber Opric Cable, 1u ~nd .00 meter lengths
b. Data Aranisition Frocedure

(1) The test equipment was connected as shown in figure 9. Ten
meter lengths of fiter cptic cable were used to interconnect the moderms.

(2) ™ie transmictter of the Terracom M/W radio was connected throigh
a 20-dB and a 40-~dB attenuator to the "in~house 1link”™ of the receiver of the
AN/FRC-162 M/W radio. ™he transaitter of the AN/FRC-162 was connected through
a 20--dB anc a=-40 dB attenuator to the receiver of the Terracom M/W radio. An
input of 1 watt 730 dsu) from the Terrzcom radio into M/W radio into this
loop-back arrangement p-uduccd a nominal receive signal level (RSL) of =30 dBn
at the input to the receiver of both radios.

(3) The error rate test set was set for individual error mode, auto-
matic synchronization, and continuocus count. It then input a data bit stream
into channel 4 of the AN/FCC-97 digital multiplexer at a T-1 rate
(1.544 Mb/s).

(4) Errors were counted by the electronic counter aud recorded by
the digital printer. The preset unit limited the time intervzl of each test
run to 5 minutes. This procedure was repeated for thres, S ainute test runs.

{(5) The !Y-meter leuy:ths of cable were teplaced by 100-meter
lengths. Then, the procedurs shewn fa subpavagraphs b.{2) - b.{4) was
repeated. .
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cs Test Data

(1) No bit errors were recorded for any run with either 10-meter
or 100-meter lengths of fiber optic cable.

e ———— . .

(2) Stace no errors were observed in 463.2 megabits of data, it can
be stated tha: the point estimate system bit error rate for a T-1 input is
bracketed by the interval:

0 < point estimate bit error rate £ 2.2 10-9 errors/bit
5. BIT ERROR RafE - COAXIAL CABLE:SYSTEM WITH T-1 INPUT DATA RATE

a. Equipment Used
(1) Bomar Error Rate Test Set -71B, SN 304
(2) WP Electronic Counter 524L, SN 648-11495
3 (3) HP Preset Unit 5264A, SN 616-00584
B (4) o Digital Printer, SN 343
(5) AN/FRC--162 /W Radio, SN 31A
(6) AN/FCC-97 Digital Multiplexer, SN 01J0033
(7) Wavelino 20-dB RF Attenuator 506-20, SN 413, 615
(8) Wsveline 40-dB RF Attenuatoi SN6-40, SN 379, NSN
(9) vaxtal Cable RG-59, 10-mecer and 100-meter lenghts. i

(10) Terracom /W Radio, NSN

i b. Data Acquisition Procedure
$
i (1) The tec: equipment was comnnacted as shown in figure 10. Ten
" meter lengths of coaxlal cable were used to intercouusect the AN/FCC-97
: . multiplexer and the Terracoum M/W Radio.
X
§ (2) The procedures shown in paragrarhs 4.b.(2) ~ 4.b.(5) were used.
A . .
3 c. Test Data
b]
1 (1) When 10-meter lengths of coaxizl cable were used, no bit errors
‘ were recorded on any test run. Since no errors were observed in %63.2 megabits
5 of data, it can be stated that the point estim~te sysiem bit error rate for a T-!
. input is bdbracketed by the interval:

l ‘ 0_5 point estimate bit error rate < %2 10-9 errnrs/bit

(2) when 100-meter lengths of coaxz.l cable were used, bit errors
‘ were recorded during each 5f the three runs as follows: Run 41, 2815 errnv:;
i run #2, 2729 ervors; and run #3, 2771 errors. The respective point estimate
: bit error rates were 6.08 x 10-°, 35.39 x 10-5, and 5.98 x 10-9 errors/bit.
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(3) According to Technical Manual VICOM PSB-6020, section 3,
i page 1, paragraph 5, no more than 150 feet (45.72 meters) of coaxial cable
'1 should be used in this system configuration. ’

'

6. 1DLE CHANNEL NOISE (ICN) - 4 kHz VOICE LINK WITH 26-PAIR METALLIC CABLE

a. Equipment Used

(1) As shown in reference la, inclmsure 1, paragraph 1.1.A.2.
(2) NEC Noise Measuring Test Set 372AQ, SN 8024.

b. Data Acquisition Procedure

E (1) Ac shown in reference la, enclosure 1, paragraph 1.1.B.2.

| (2) The HP-4940A TIMS was then replaced by the NEC 37BAQ. The
' procedure in subparagraph b.(1l) was repeated.

c. Test Data
(1) The HP-4940A TIMS recorded an ICN leval of C d3rmc for each pair
of the 26-pair cable. Although the measurement rauge of the HP-4940 TIMS is
from 0 to 90 dBrne, the equipment publication states that readings belcow 10
dBrnc may exceed the sensitivity of the instrument and, therefore, should be
interpreted «s "less than 10 dBrnc”.
(2) The LEC 37BAQ recorded an ICN l2vel of -5 dBrnc for every pair,
thus, the ICN for each pair of the 26-pair metallic is less than or equal o
~5dBrnc. '
7. CROSSTALK - 4 kHz VOICE LINK WITH 26-FAIR METALLIC CABLE
a. Equipument Used
(1) As shown in reference la, inclosure 1, paragraph 1.2 &.2.
(2) NEC Noise Measuring Test Set 37 BAQ, SN 8024.
b. Data Acquisition Procedure

(1) As shown in reference la, inclosure 1, paragraph 1.2.B.2.

(2) The HP-4940A TIMS was then replaced by the NEC 37BAQ. The
procedure in subparagraph Bl was repeated.

c. Test Data

(1) The HP-4940A TIMS recorded a crosstalk level of 0 d8rnc for each
pair of the 26-pair cable, with the exception of pair #15. As stated In
paragrapn 5C!, these readings should be interpreted to mean an ICN level less
than 10 dBrnc.




; (2) 1ICN levels for pair #15 were recorded as O dBrnc when a -10 dBm
1 tone at 1004 Hz was injecced on pair #1 or #2, 5 to 6 dBrnc when tone was

{ injected on pairs #3 through #7, and 10 to 13 dBrnc when tone was injected on
{ pairs #8 through #14 or #15 through #26. This cable pair was considered to be i

}i defective.

(3) The NEC 37BAQ recorded a crosstalk level of -3 dBrnc for every
palr except pair #15, which was known to be defeztive.

8. INSTALLATION/RECOVERY TIMES

a. Installation and recovery times for the l.544 Mb/s fiber optic system

and its metallic (coaxial) counterpart are shown in reference la, inclosurc i,

paragraph 2.7. Timez for the fiber optic syster were nonrally greater; this ;

] time differential was the result of the additional time necessary to ccnnect

| (or disconnec:) input/output devices to the fiber optic modems and iri-ialize
(or deintialize) the modems.

f b. More detailed data could be obtained in a study conducted by human
' factors engineers. Huwever. the additional precision to be gained from a de-
| tiled survey of this nature was not considered to be cost effective (see re-
z ference lb, paragraph 2i).

9. CONDITION DIPHASE PATTERN TEST EQUIPMENT SETTINGS

a. During cthe initial test of the bir crror rate of the 1.544 Mb/s fiber
optic link, a condition dinhase patterr (CDPV jenerator and error correlator
were used to inject data bifs Into ilc link ¢= 16 or 32 kbs and rezord re-
sulting bit errors. Th: test procedure shown .in reference la, paragraph
2.4.B, shoul! have included the switch settings for this equipment, which
wera: Data 1ate - 1% ¢r 32 kbs, operational mode - errors, and clock-
interunal.

T W

b. Note “hat additionzl testing of the bit error rate of this link was
conducted for a T-1 {(i.544 Mb/s) data rate. See paragraph 3 of this repo 't.

10. IDLF CiANNEL NOISE (ICN) = COAITAL CABLE WITH T-1 INPUT DATA RATE

a. Results of initial testing for ICN induced by the presence of 10
meters of coaxial cable in a T-1 system are shown in reference la, tzble V.
0On channel #7, the cable induvzed 4 dB additional ICN into the system. The mag-
niitude of this fizire was questioned in refersace 1b, paragraph 2f.

b. Additionai testing was conducted in accordance with reference la,
paragraph 2.1.B.2 Channel cards from the TSEC/CY-104 were interchanged and
test equipment sevtings verified. The cable continued to induce 4% dB of ad-
ditional ICN into the system.

RN -2 0




11. CYCLIC FLEX l.544 MBs AND 20 MHz FIBER OPTIC SYSTEMS

a. Fiber optic cables used in the 1.544 MBs and 20 MHz fiber optic
systems were repeatedly flexed to determine whether possible cable degradation
would result in a decrease in the system's optical power output. Results are
shown in reference la, tables XII and XXIII. Optical power output is showr in

microwatts (uW).

b. The optical power meter used in this test (see reference la,
paragraph 2.6.A.4) had not been calibrated. It was compared to a calibrated
AG&G, Electro-Optic Division Radiome;er/Photometer, Model 550-1, SN 3274.
When the optical power meter read 17 microwatts, the calibrated radiometer/
photometer read 14 microwatts (using the test procedure shown in reference

l.a, paragraph 2.6.B}.
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